To provide an overview of the literature that considers physiotherapists working in the ED in relation to their roles, training levels, patient profile, safety, effectiveness, efficiency, cost-effectiveness and the provision of low-value care. We performed a scoping review of the literature. Four databases (PubMed, EMBASE, CINAHL and Cochrane CENTRAL) were searched from their inception to December 2016 and we updated searches on PubMed in September 2017. Two reviewers independently screened studies for eligibility. We performed a narrative synthesis of quantitative data. We included 27 studies: five randomised controlled trials (n = 1434), 12 prospective observational studies (n = 153 767), six retrospective studies (n = 9968), two survey studies (n = 61), one case report (n = 3) and one qualitative study (n = 11). Physiotherapists primarily managed patients with low urgency musculoskeletal conditions. Physiotherapists appeared to have similar clinical effectiveness and costs compared to other health providers (four randomised controlled trials). Physiotherapists were associated with increased efficiency (eight observational studies) and reduced low-value care (one observational study). Three observational studies reported very low adverse event rates. However, none of the studies followed participants to measure adverse events that became apparent after the ED visit, nor did they consider unsafe discharge decisions or suboptimal follow-up care. The available evidence suggests that physiotherapists may be as effective as other health providers in managing low urgency musculoskeletal conditions in the ED. There is uncertainty about appropriate training and a lack of robust studies investigating the efficiency, safety and cost-effectiveness of this model of care.
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Introduction
EDs are under rising pressure in both developed and developing countries. 1 In Australia, the number of presentations has been rising annually at a rate of 3.6% above that explained by population growth. 2 The increase in presentations contributes to ED overcrowding, 3 related to both input (e.g. non-urgent visits), throughput (e.g. inadequate staffing) and output (e.g. hospital bed shortage) 4 and it is associated with worse clinical outcomes and patient satisfaction. 5 Increased numbers of presentations pose a significant challenge to health systems charged with ensuring treatment quality and patient safety.
One strategy to improve patient flow through the ED is to extend the scope of practice of allied health professionals, such as physiotherapists. 3 The first description of physiotherapists acting in an extended scope of practice role was from the UK, in the mid1990s. 6 In addition to their traditional role, ED physiotherapists were trained to read and request imaging and to prescribe a limited number of medications. 7 ED physiotherapists in the UK can now prescribe after completing a Health and Care Professions Council (HCPC) prescribing programme. A similar pattern of practice, excluding the prescription of medications, has emerged in countries like Australia, where physiotherapists now have both secondary contact roles (require patients to be referred) and primary contact roles (can assess and manage patients after initial triage) within the ED. 8 In the USA, secondary contact is the only model of care through which physiotherapists can work in the ED. 9 Evidence regarding the impact of physiotherapists in the ED has been compiled in two previous systematic reviews published in 2011 10 and 2012. 11 Kilner et al. 10 concluded that there was insufficient evidence to support the implementation of physiotherapists in the ED, as very few included studies evaluated outcomes such as efficiency and effectiveness. Desmeules et al. 11 concluded that physiotherapists acting in extended roles were equally or more effective compared to other health professionals in terms of diagnostic accuracy, treatment effectiveness, costs, healthcare utilisation and patient satisfaction. However, these conclusions were drawn by combining evidence from studies where extended scope physiotherapists acted in different clinical settings -such as orthopaedic, rheumatology and paediatric clinics and EDs. In addition, many studies have been published over the last 5 years, highlighting the need for an update on the state of research in this field.
Research on ED physiotherapy is an emerging research area, and comprises a wide range of research questions yet to be answered, as well as a great variability in study designs and outcome measures. To deal with such variety we chose to conduct a scoping review. 12 The purpose of scoping reviews is to comprehensively summarise evidence with the objective of informing policy and programmes and providing direction to future research. 13 To accomplish this, we aimed to highlight several aspects of the work of physiotherapists in the ED. Specifically, we aimed to determine: 1. The roles undertaken by physiotherapists in the ED, their training levels, the profile of patients they treat and the types of care they provide; and 2. The effectiveness, efficiency, costs, and safety of care provided by physiotherapists working in the ED.
Methods
We report this scoping review based on the framework proposed by Arksey & O'Malley. 12 We have complied with the five mandatory stages for conducting a scoping review: identifying the research question; identifying relevant studies to answer each specific topic within the research question; study selection; charting data, summarising and reporting of the results. We performed a systematic search in databases to find studies eligible to be included and then the evidence was grouped into research questions and summarised.
MEDLINE (PubMed), EMBASE, CINAHL and Cochrane CENTRAL were searched from their inception to 7 December 2016. We updated the PubMed search on 18 September 2017. Terms for the other databases were based on the strategy used for PubMed (Table S1 ). Two reviewers (GEF and CGM) independently screened eligible studies, firstly by reading titles and abstracts, and then full text, with disagreements resolved by consensus. One author (GEF) screened the reference list of a previous review 10 but no additional studies were found.
Eligibility
We included studies of any design investigating physiotherapists working in an ED managing adult patients. Studies published in peerreviewed journals, in English and reporting outcomes related to at least one of the pre-planned research questions were eligible. We excluded literature reviews, studies evaluating physiotherapists working in secondary care facilities and studies describing outcomes of multidisciplinary health teams (e.g. physiotherapists and nurses) that did not provide separate data for physiotherapists.
Data extraction
One reviewer (GEF) initially extracted all data and one of the two reviewers (ACT, CGM) independently verified the data. All disagreements were resolved by consensus. When necessary, authors from individual studies were contacted by email once to clarify results.
Data on scope of ED physiotherapists
Data relevant to the roles, types of care delivered, profile of patients and training levels were extracted from the methods and results sections of each individual study. Data from one study 8 were obtained from a programme evaluation report. 14 We investigated whether physiotherapists provided interventions that were of low-value. Low-value interventions provide little or no benefit to patients; have harms that exceed any likely benefit; or have costs that do not provide proportional added benefits. 15 We searched for interventions that have been shown to be of low-value by previous research in patients presenting to the ED. 16 Moreover, we used the list of recommendations of the Australian Physiotherapy Association 17 and the American Physical Therapy Association 18 of low-value tests, treatments and procedures, which includes requesting imaging for patients with acute low back pain without evidence of serious pathology and using electrotherapy for patients with low back pain.
Data on effectiveness and efficiency of ED physiotherapists
Efficiency was evaluated through wait times, treatment times and length of stay. When available, data for wait times, treatment times and length of stay were presented stratified by triage categories. Effectiveness outcomes were extracted and grouped into four categories: patient-reported outcomes (PROs), work-related outcomes, activity-related outcomes and health services-related outcomes. We planned to extract data related to costeffectiveness or cost-utility analyses, such as outcomes expressed in terms of quality-adjusted life-years (QALY), life-years gained, disability days avoided or disability-adjusted lifeyears (DALY). To evaluate safety, we defined adverse events as any untoward medical occurrence, preventable or non-preventable, related to all aspects of care, including diagnosis and treatment, failure to diagnose or treat and the systems and equipment used to deliver care.
Strategies for summarising data
Continuous variables were summarised with means and standard deviations or median and interquartile ranges. To facilitate interpretation of findings, we calculated the mean difference (MD) and 95% confidence interval (CI). When data were presented as median and interquartile range (or minimum and maximum) we first estimated the mean and standard deviation using the method proposed by Wan et al. 19 and then calculated MD (95% CI). Dichotomous variables were summarised with proportions and, whenever reported, risk ratios (95% CI) or risk differences (95% CI).
Results

Description of included studies
The database search retrieved 2041 records. After removal of 624 duplicates, 1417 discrete titles and abstracts were screened for eligibility, with 1355 excluded. The remaining 62 were selected for full-text reading and 27 articles met our inclusion criteria. The study flow, along with reasons for exclusion, is depicted in Figure 1 .
Study characteristics
Of the 27 studies, there were five randomised controlled trials (RCTs) [20] [21] [22] [23] [24] (n = 1434), 12 prospective observational studies [6] [7] [8] [25] [26] [27] [28] [29] [30] [31] [32] [33] (n = 153 767), six retrospective studies [34] [35] [36] [37] [38] [39] (n = 9968), two survey studies 9, 40 (n = 61), one case report 41 (n = 3) and one qualitative study 42 (n = 11). ED physiotherapists acted in primary contact roles in 18 studies (66%), 7, 8, 20, 21, [23] [24] [25] [26] [27] [30] [31] [32] [33] [34] [35] 37, 39, 40 and in secondary contact roles in seven studies (26%). 6, 9, 22, 28, 38, 41, 42 In one study, ED physiotherapists acted both as primary and secondary contact practitioners. 33 Study characteristics are presented in Table 1 .
Data on scope of ED physiotherapists
Roles and tasks of ED physiotherapists
Data on the roles and tasks performed by ED physiotherapists were available for 18 studies (66%). 7, 8, 20, 21, [23] [24] [25] [26] [27] [30] [31] [32] [33] [34] [35] 37, 39, 40 The most commonly reported task was imaging prescription (nine out of 17 studies, 52%). Review of medications (e.g. for pain management) was described in eight out of 17 studies (47%). Prescription of limited medication was described as a role in only two studies from the UK.
Education was described as an intervention in eight out of 17 studies (47%) and comprised explanation on diagnosis, prognosis, general advice and reassurance, as well as advice to stay active for patients with chronic and acute low back pain. Provision of gait aids and gait training was reported by seven out of 17 studies (41%). Examples of less common tasks performed by ED physiotherapists included referring patients to hospital or specialist services (five studies, 29%), provision of bandages, slings and plaster casts (one study, 6%). Figure 2 shows the number of studies reporting on roles and tasks. Figure S1 presents data on the profile of patients usually seen by ED physiotherapists. Twenty-two of the 27 studies (81%) provided information relative to the profile of patients usually seen by ED physiotherapists. [7] [8] [9] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [32] [33] [34] [35] 37, 38, 41, 42 In all studies, ED physiotherapists managed patients with musculoskeletal conditions. Orthopaedic trauma, including falls and simple closed fractures, was the second most common condition seen. 
Profile of patients
Training level of ED physiotherapists
Training levels varied markedly across studies. Only four out of 27 studies (14%) clearly stated that the physiotherapists had postgraduate qualifications. 21, 26, 32, 35 In one study, 33 it was unclear how many physiotherapists had postgraduate qualifications. 21 Five out of 27 studies (18%) reported that physiotherapists had undertaken additional professional training. 7, 26, 28, 39, 40 Examples of training were plaster casting, 26 imaging interpretation, 26, 28 commonly prescribed analgesia 7, 26 and screening for visceral red flags. 26 Overall, the type of training was poorly reported.
Low-value care
Low-value care ordering was evaluated in only one small prospective observational study. 31 ED physiotherapists ordered significantly less imaging for patients with acute low back pain and no clinical features of serious conditions (zero orders for 19 patients, 0%) compared to other health professionals (three orders for 10 patients, 30%).
Data on efficiency and effectiveness of physiotherapists working in ED
Efficiency
Eight studies -six prospective observational studies 8, 26, 27, 30, 32, 33 and two retrospective studies 36, 39 -provided information on efficiency measures such as wait time, treatment time and length of stay. Four out of five studies 8, 27 ,33,39 demonstrated a significant association between care given by ED physiotherapists and reduced wait time. ED physiotherapists were also significantly associated with reduced treatment times in three out of five studies 8, 26, 33 and with reduced length of stay in five out of six studies. 8, 27, 32, 36, 39 Efficiency was also measured as a percentage of patients discharged within emergency access benchmarks in two studies (Table 2) . A significant association between being managed by ED physiotherapists and attaining the access targets was reported by two studies. 8, 33 Efficiency measures were also evaluated when patients were stratified by emergency triage categories by three studies 8, 33, 35 and physiotherapists were generally associated with more efficient care across triage categories (Table S2) .
Effectiveness
Seven studies [20] [21] [22] [23] 27, 30 reported at least one outcome related to the effectiveness of care, but only four were randomised trials. [20] [21] [22] [23] As data on effectiveness is best derived from RCTs, we present only data from randomised studies below. Further information is provided in Table 3 .
Patient-reported outcomes (PROs).
Two RCTs 21, 23 found no significant differences for quality of life and disability between patients managed by ED physiotherapists or other health professionals at either discharge from the ED, or at 1, 2, 3 and 6 month follow up. Mixed findings were found for function. In one trial, patients managed by ED physiotherapists had significant, although marginally, better function compared to those managed by other health providers at 3 months, but not at 6 months. 20 Another trial found patients with acute low back pain did not benefit from early physiotherapy in the ED compared to usual treatment. 21 Patients receiving early physiotherapy in this trial had a significant better perceived health compared to usual treatment at discharge, but that significant between-group difference was not sustained on subsequent follow ups.
Work-related outcomes. Two RCTs evaluated work-related outcomes. 20, 22 There was no significant difference in days to return to work 20 or in the proportion of patients returning to work within 30 days after presentation to ED. 22 Activity-related outcomes. In one RCT, 20 the median time for patients managed by doctors and emergency nurse practitioners to return to daily activities was 12.5 days (95% CI 0.41-22) earlier compared to those treated by ED physiotherapists. However, there was marked imprecision around the effect estimate. In another RCT 22 there was no significant difference in the proportion of patients that returned to leisure activities within 30 days following presentation to the ED between patients managed by the ED physiotherapist (46%) or doctors/ nurses (47%). One RCT 22 showed that the proportion of patients re-presenting to the ED within 30 days of discharge (ED physiotherapists: 13% vs other health professionals: 10%) and the proportion of patients admitted from the ED to hospital (ED physiotherapists: 31% vs other health professionals: 35%) were not significantly different between providers.
Costs
Cost-effectiveness was not evaluated by any study. Two RCTs presented data for treatment costs, but not cost-effectiveness, between patients managed by ED physiotherapists and other health providers. 20, 24 In both RCTs, ED physiotherapists were equivalent to other providers in various cost outcomes such as cost per patient per hour, direct costs, ED costs, hospital costs, community costs and total health costs.
Safety
Care safety was evaluated by three prospective observational studies 26, 27, 32 but only one study 27 compared care safety between ED physiotherapists and other health professionals. All studies were conducted in Australia. The reported incidence of adverse events ranged from 0% 27, 32 to 0.19%. 26 Care safety measures varied and were poorly reported across studies. None of the studies followed participants to measure adverse events that became apparent after the ED visit (e.g. adverse reactions to prescribed medicines) or considered unsafe discharge decisions or suboptimal follow-up care.
Discussion
Statement of principal findings
This scoping review found that both primary and secondary contact ED physiotherapists typically manage low urgency musculoskeletal conditions and have a role in providing patient education. Some primary contact ED physiotherapists order imaging and prescribe medication. Training levels of ED physiotherapists are unclear. Data from one small observational study suggested that ED physiotherapists order less imaging compared to other ED staff members. 31 Observational data suggest ED physiotherapists are associated with shorter total wait time, 8, 27, 30, 33, 35, 39 treatment time, 8, 26, 30, 33, 39 and length of stay. 8, 27, 30, 32, 33, 36, 39 Data from RCTs suggests there is no difference in effectiveness [20] [21] [22] [23] or cost of care 20, 24 provided by ED physiotherapists compared with that provided by other ED staff members. In the majority of studies evaluating efficiency, effectiveness, and costs, physiotherapists were acting as primary contact professionals in the ED. There are insufficient data to judge safety or cost-effectiveness of care (Table 4 ).
Strengths and weaknesses of the study
This scoping review was conducted in line with current recommendations. 12 We developed a sensitive search strategy in various databases and included several different study designs. The scoping design allowed us to summarise the available evidence on a broad range of topics related to physiotherapists working in ED. We were also able to identify several key gaps in the literature to inform researchers and policymakers. Our results suggest that more randomised trials testing the effectiveness and safety of these models of care are needed. One possible limitation of our review was that we did not search for grey literature. Therefore, it is possible that we may have missed governmental documents such as the Health Service Development's Program Evaluation Report, 14 which we discovered from reading another study. 6 However, we did perform a comprehensive search of several databases to minimise selection bias. We chose not to assess risk for bias of individual studies and did not attempt to pool quantitative data, as is commonly done in systematic reviews. While it is common to take this approach for a scoping review, 12 some may consider it a weakness. We chose a scoping design to address broad research aims; assessing the risk for bias would not have helped us answer such broad research questions. Furthermore, by scoping the entire research area we gathered data that were highly heterogeneous, hence statistical pooling would not have been appropriate.
Comparison with previous studies
Our scoping review expands the findings from previous reviews. 10, 11 In the review by Kilner, 10 only one prospective observational study 30 evaluated efficiency and found that care provided by ED physiotherapists was not associated with improved efficiency. In our review, we presented evidence for efficiency from eight observational studies and found evidence that, where the ED physiotherapist worked as a primary contact practitioner, patients waited less time to be seen, had shorter treatment times and were discharged earlier compared to those managed by other providers.
Implications for clinicians and policymakers
We have summarised evidence showing equivalence in terms of effectiveness 20, 21, 23 and costs 20, 24 when patients are managed either by ED physiotherapists or other health providers. Nevertheless, reports on the cost-effectiveness of this model of care are still lacking. This is of particular importance to policymaking in the context of increasing healthcare costs; robust data on cost-effectiveness can help decision makers to best allocate the available budget while maximising health outcomes. In addition to cost-effectiveness, the judicious use of resources in the ED is intrinsically related to how much low-value care is being provided to patients and 22 Lau et al. 21 McClellan et al. 23 Richardson et al. Lau et al.
21
McClellan et al. 23 Richardson et al. • Additional training reported in only five studies (18%) Low-value care • ED physiotherapists ordered less imaging for patients with acute low back pain compared to other health providers (one prospective observational study) Efficiency
• ED physiotherapists associated with shorter wait times compared to other providers (three prospective observational studies; one retrospective study) • ED physiotherapists associated with shorter treatment times compared to other providers (three observational studies) • ED physiotherapists associated with shorter length of stay compared to other providers (two retrospective study, three prospective observational studies) Effectiveness
• No differences in most patient-reported outcome measures between providers (two RCTs)
• No differences in work-related outcomes between providers (two RCTs)
• No difference in return to daily activities and leisure activities between providers (two RCTs)
• No differences in health services-related outcomes between providers (one RCT) Costs
• No studies have evaluated cost-effectiveness • ED physiotherapists are equivalent in various cost measures compared to other providers (two RCTs) Safety
• Poor monitoring and reporting of adverse events (three observational studies)
• Only one study compared adverse event rate between different providers (one observational study)
• Very low rate of adverse events (0% to 0.19%) (three observational studies)
RCT, randomised controlled trial.
whether different health professionals provide more low-value care than others. We found some evidence that ED physiotherapists order less imaging for patients presenting to the ED with acute low back pain. 31 
Unanswered questions and future research
This scoping review has also summarised exploratory evidence on the capacity of primary contact ED physiotherapists to improve flow of a specific profile of patients through the ED (i.e. mainly musculoskeletal and orthopaedic conditions). What remains to be answered is whether those results from observational studies would be confirmed by a well-designed RCT.
There is a strong need for better measurement of safety outcomes in future studies. In our review, the rates of adverse events reported across studies seemed unrealistically low, close to 0%. Even though these low rates might be partially explained by the fact that ED physiotherapists usually see patients with less serious conditions, the most likely explanation is that adverse events were poorly monitored. Some of the outcomes used by individual studies, such as missed diagnoses, 26 are not able to capture the breadth of possible adverse events, such as unsafe discharge decision, suboptimal followup care and adverse drug reactions. A recent study has showed that about 20% of adverse events in the ED are related to medication prescription. 43 That is of particular importance considering that ED physiotherapists already have limited prescribing rights in some regions (e.g. in the UK) and some other countries are seeking to reform and extend the scope of practice of ED physiotherapists (e.g. Australia) to include prescribing of medicines.
Conclusion
In summary, despite the increase in the adoption of models of care in the ED containing physiotherapists as primary contact practitioners, there is substantial lack of randomised trials to adequately inform policymakers and to guide clinical practice. Further research is very likely to have an important impact on several topics summarised by this review. 
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